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Description 

This invention relates to cardiac pacing systems 
generally and, in particular, to dual chamber cardiac 
pacing systems for delivering ventricular pacing pulses 
synchronized to atrial signals so as to benefit patients 
with various forms of congestive heart failure (CHF) and 
in particular patients with Hypertrophic Obstructive Car- 
diomyopathy. 

Hypertrophic Obstructive Cardiomyopathy (HOCM) 
is characterized by a narrowed left ventricular outflow 
tract (LVOT), which causes a significant increase in the 
subaortic pressure gradient. The narrowed LVOT is 
caused by an increased thickness of the interventricular 
septum which obstructs blood flow during systole, or at 
the time of cardiac output. 

Symptomatic improvement of patients with HOCM 
can be obtained in some cases with the use of standard 
pharmacotherapy. However, drugs in use for this ther- 
apy have disadvantages which have been cited in the lit- 
erature. Likewise, surgical intervention, e.g., septal 
myectomy or mitral valve replacement, is another 
optional treatment However, such surgical treatments 
carry a significant operative mortality and have not been 
shown to alter the natural history of the disease. See, 
"Permanent Pacing As Treatment For Hypertrophic Car- 
diomyopathy," by Kenneth M. McDonald et al., Ameri- 
can Journal of Cardiology, Vol. 68, pp. 108-110, July 
1991. 

The value of dual chamber cardiac pacing and 
treatment of patients suffering from HOCM has been 
recognized in the literature. Modem multiple- mode, 
dual-chamber cardiac pacemakers are designed to 
maintain AV synchrony for damaged or diseased hearts 
that are unable to do so on their own. For example, a 
DDD pacemaker has electrical connections to both the 
atrium and the ventricle, senses electrical signals in 
both chambers of the patient's heart, and delivers atrial 
pacing stimuli in the absence of signals indicative of nat- 
ural atrial contractions, and ventricular pacing stimuli in 
the absence of signals indicative of natural ventricular 
contractions. Such a dual chamber pacemaker main- 
tains the AV synchrony of the heart by delivering ven- 
tricular pace pulses at a controlled AV interval following 
each atrial event. 

Studies have indicated that patients suffering from 
HOCM may benefit from a specific mode of dual cham- 
ber pacing wherein a ventricular pace pulse is delivered 
in timed synchrony with the sensed or paced atrial 
depolarization. Pacing the right ventricular apex before 
spontaneous atrio-ventricular conduction activates the 
left ventricle is understood to alter the ventricular septal 
activation pattern. Since the right ventricle is caused to 
contract first it is believed that it pulls the septum 
toward the right ventricle, thereby reducing the LVOT 
obstruction and subaortic pressure gradient Other 
mechanisms have been hypothesized but in any event 
timed synchrony produces a benefit. 



The literature uniformly acknowledges the potential 
advantages of synchronized A-V pacing for HOCM 
patients, stressing the importance of achieving ventricu- 
lar capture. Causing "complete ventricular capture" is 
5 important to obtain the above-described septal move- 
ment, while selecting the longest AV delay that results in 
complete ventricular capture is important in order to 
maximize the atrial contribution to ventricular filling. See 
U.S. Patent No. 5,507,782, filed March 17, 1994, 
to Method and Apparatus For Dual Chamber Cardiac Pac- 
ing, assigned to Medtronic, Inc., and the literature arti- 
cles referenced therein. The delivered pace pulse 
should provide "pre-excitation," i.e.. depolarization of 
the ventricular apex before the septum. This altered pat- 
75 tern of septal contraction, as well as optimal left ven- 
tricular filling, is generally recognized as being 
important to this mode of pacemaker treatment. Further, 
it appears to be established that such synchronized AV 
pacing provides HOCM patients a long term benefit, i.e., 
20 the benefit remains even after cessation of pacing, 
since such AV pacing causes a reduction in the obstruc- 
tion of the LVOT which persists in sinus rhythm after 
cessation of pacing. 

The literature suggests that the AV escape interval 
25 should be set at the longest duration that maintains ven- 
tricular capture at different exercise levels. See the 
above-cited McDonald article. It has been suggested 
that the AV escape interval which allows for maximal 
pre-excitation of the ventricle by the pacing pulse can be 
30 selected by determining the AV escape interval that pro- 
duces the widest paced QRS complex duration. See 
"Impact of Dual Chamber Permanent Pacing in Patients 
With Obstructive Hypertrophic Cardiomyopathy With 
Symptoms Refractory to Verapamil and b-Adrenergic 
35 Blocker Therapy," by Fananapazir et al., Circulation, 
Vol. 8, No. 6, June 1992, pp. 2149-2161. 

In the referenced U.S. Patent assigned to 
Medtronic, Inc., the pacemaker periodically checks to 
determine a value of intrinsic AV conduction time (AVC) 
40 and subtracts therefrom a ventricular sense offset inter- 
val (VSO) to get the AV escape interval. After a wave- 
form of the ventricular depolarization resulting from 
complete capture is noted and recorded for comparison, 
the AV escape interval is set to a lengthened value, 
45 resulting in one or more ventricular sense events. The 
value of AVC is determined as the time difference 
between the atrial event and the sensed R-wave. Fol- 
lowing this, the pacemaker AV escape interval is 
reduced further until the pacemaker finds an R wave 
so with a waveform that indicates good capture. The differ- 
ence between AVC and the capture value of A-V is 
VSO, and the pacemaker thereafter sets 
AV = AVC - VSO . 

The prior art techniques for synchronous pacing of 
55 HOCM patients recognize the necessity to periodically 
evaluate the AV delay, or AV escape interval. The 
patient's spontaneous atrio-ventricular conduction time 
generally will change with heart rate, i.e., from rest to 
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exercise. Moreover, simultaneous drug treatment such 
as beta blockers may also modify AV conduction time 
and require renewed evaluation of the AV delay. The 
importance of periodically making an accurate determi- 
nation of the optimized AV interval thus takes on signifi- 
cance. If the AV delay is adjusted to a value which is too 
short, in order to ensure complete ventricular capture, 
the atrial contribution to ventricular filling is compro- 
mised. However, if the AV escape interval is adjusted to 
too great a value, ventricular capture is compromised, 
and there may be episodes of no ventricular pacing or 
the ventricular pace may not contribute the best possi- 
ble reduction of the LVOT obstruction. Accordingly, it is 
important in this therapy to be able to continuously or 
periodically adjust the AV escape interval to optimize it 
for HOCM and related or similar congestive heart failure 
therapies. 

US 5,340,361 (Sholder) shows a way to adjust the 
AV interval but does not take advantage of the informa- 
tion in QRS duration monitoring. 

According to the present invention, there is pro- 
vided a dual chamber pacemaker system, having atrial 
sense means for sensing signals from a patient's 
atrium, ventricular sense means for sensing ventricular 
signals from a patient, ventricular pace means for gen- 
erating and delivering ventricular pace pulses to said 
patient's right ventricle, AV 9SC means for setting and tim- 
ing out an AV escape interval from the occurrence of the 
sensed atrial depolarization, sync control . means for 
controlling delivery of a ventricular pace pulse at the 
time out of a said AV escape interval in the absence of 
a sensed ventricular signal, and controllable adjust 
means for adjusting said AV GSC means to vary said AV 
escape interval in a controlled direction, said system 
characterized by: 

wave means for obtaining and storing representa- 
tions of durations of QRS waves that have been 
evoked by delivered ventricular pace pulses, 
storage means for storing a representation of said 
AV adjustment direction, 

change means for detecting a change of succes- 
sive such durations of QRS representations, and 
control means for controlling said adjust means as 
a function of said detected change and said stored 
direction. 

The pacemaker system of this invention thus pro- 
vides closed loop automatic adjustment of the AV 
escape interval so as to maintain it in a narrow range 
corresponding to optimal pre-excitation. The invention 
utilizes either the QRS signal detected on the V-sense 
channel (including either intrinsic or paced QRS), or the 
FFRS signal detected on the A-sense channel, and con- 
tinually and automatically adjusts the AV escape inter- 
val on the basis of the detected signals so as to optimize 
the timing of the ventricular pace pulse for pre-excita- 
tion. 



More specifically, the pacemaker system of this 
invention utilizes the observation that the duration of the 
evoked QRS, manifested either by the sensed QRS or 
FFRS, has a duration which peaks corresponding to an 

5 AV delay just less than the intrinsic AR or PR value, and 
in about the fusion range. Specifically, the plot of QRS 
duration versus pacemaker AV delay reveals that at AV 
values well less than the patient's intrinsic conduction 
value, corresponding to complete capture by ventricular 

io pace pulses, the evoked QRS duration is substantially 
constant. As AV escape interval (AV esc ) is increased, 
the QRS duration increases to a maximal point, corre- 
sponding roughly to the onset of fusion, and then 
decreases to a lower and constant value, corresponding 

75 to intrinsic conduction and failure to pace. This invention 
takes advantage of this observation by providing a 
closed loop control to maintain the pacemaker AV delay 
in the area of the maximal duration, thus keeping AV 
delay in a small range around or below values corre- 

20 sponding to fusion, thereby optimizing pre-excitation 
and HOCM or CHF therapy. 

Preferred embodiments will now be described, by 
way of example only, with reference to the accompany- 
ing drawings. 

25 Figure 1 is a perspective representation of a pace- 
maker system according to this invention showing an 
implantable pacemaker connected to a patient's heart. 

Figure 2 is a block diagram of a pacemaker system 
according to this invention, showing a pacemaker inter- 

30 connected with an external programmer and with ECG 
leads. 

Figure 3 is a block diagram of the primary functional 
components of a pacemaker used in the system of this 
invention. 

35 Figure 4 is a generalized flow diagram illustrating 
steps taken in synchronous pacing in accordance with 
this invention, including adjusting AV escape interval for 
optimizing HOCM therapy. 

Figure 5 is a representative data plot of QRS or 

40 FFRS duration as a function of pacemaker AV escape 
interval. 

Figure 6 is a detailed flow diagram showing the 
steps carried out by the pacemaker system of this 
invention in automatically adjusting AV escape interval 
as in a closed loop fashion for optimized HOCM or CHF 
therapy. 

Figure 1 illustrates the external configuration of a 
dual chamber pacemaker 6, which is provided with a 
hermetically sealed enclosure 8, typically fabricated of 

so biocompatible metal such as titanium. Mounted to the 
top of the enclosure 8 is a connector block assembly 1 2, 
which receives electrical connectors located on the 
proximal ends of leads 14 and 16. Lead 16 is an atrial 
pacing lead, carrying two electrodes 20 and 21. Elec- 

55 trodes 20 and 21 are used both to sense atrial depolari- 
zations and to deliver atrial pacing pulses. Atrial pacing 
pulses may be delivered between electrode 20 and 
electrode 21 or between electrode 21 and the housing 8 
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of the pacemaker 6. Sensing of atrial depolarizations 
may occur between electrode 20 and electrode 21 or 
between either of electrode 20 and 21 and the housing 
8 of the pacemaker 6. 

Similarly, lead 14 represents a ventricular bipolar s 
pacing lead, carrying two electrodes 28 and 29. As dis- 
cussed above in conjunction with atrial lead 16, elec- 
trodes 28 and 29 are used to sense and pace the 
ventricle. Ventricular pacing may be accomplished 
between electrodes 29 and 28 or between electrode 29 10 
and the conductive housing 8 of pacemaker 6. Sensing 
of ventricular signals, including depolarizations (QRS- 
waves) and repolarizations (T-waves) may be accom- 
plished between electrodes 29 and 28 or between either 
of electrodes 29 and 28 and the housing 8 of the pace- is 
maker 6. 

As discussed in the present application, the pre- 
ferred embodiments of the pacemaker 6 operate in a 
DDD or DDDR pacing mode, wherein pacing pulses are 
delivered to both atrium and ventricle and wherein atrial 20 
and ventricular depolarizations are both effective to 
inhibit delivery of the next scheduled pacing pulse in the 
chamber in which they are detected. While the present 
invention is believed optimally practiced in a pacemaker 
operating in DDD pacing mode, in some patients there 25 
may also be a benefit to operating the device in VDD or 
DVI mode, which provides ventricular pacing pulses 
synchronized only to sensed atrial depolarizations or 
only delivered to atrial pacing pulses, respectively, 
depending upon the specific underlying heart condition 30 
of the patient. However, DDD mode is expected to be 
the mode most widely used to practice the present 
invention. 

Figure 2 illustrates the pacemaker 6 in block dia- 
gram form, coupled to a human heart 10, in conjunction 35 
with an external programmer/display apparatus corre- 
sponding to those typically employed to program mod- 
ern, multi-programmable implantable pacemakers. 
Within the housing of the pacemaker are located the 
pacing circuitry 320, which includes circuitry performing 40 
all of the basic timing, stimulation and sensing functions 
of a cardiac pacemaker and a microprocessor circuit 
302, which controls the timing intervals provided by the 
pacing circuitry 320. Pacing circuitry 320 also includes a 
bidirectional telemetry circuit coupled to an antenna 45 
334, allowing transmission of information from external 
programmer 4 into the pacemaker 6 to modify its param- 
eters and allowing transmission of information from the 
pacemaker 6 to the external programmer 4, again gen- 
erally corresponding to telemetry and programming sys- so 
terns presently existing in commercially marketed multi- 
programmable implantable pacemakers. 

The programmer 4 also includes a corresponding 
antenna 100 coupled to a telemetry/antenna driver cir- 
cuit 102 which serves to demodulate telemetry signals 55 
received from antenna 334 of the pacemaker, and to 
apply them in parallel or serial digital format to input out- 
put (I/O) unit 108, where they in turn may be applied to 



a video monitor 112 via graphic interface 110, and/or 
provided to central processing unit 114 and/or printer 
118. Microprocessor 114 controls the operation of the 
programmer/display apparatus, and is responsive to 
physician entered commands via keyboard 1 1 6, for con- 
trolling programming signals sent to the pacemaker, as 
well as for controlling operation of the video display 112 
and printer 118. Also illustrated is an ECG interface 
1 04, coupled to three ECG electrodes 1 06 which can be 
placed upon the patient's body. ECG interface 104 pro- 
vides sensed electrograms to input/output device 108, 
where they in turn may be provided to the video display 
1 12, the central processing unit 1 14 or the printer 118. 
The ECG capability is used for treatment with a system 
according to the present invention for a patient who is 
available for initial or subsequent programming. 

Figure 3 is a block functional diagram of the pace- 
maker illustrated in Figure 1, as connected to a human 
heart 10. The circuitry illustrated is all located within the 
conductive housing or can 8 of the pacemaker, as illus- 
trated in Figure 1, and the bipolar leads 14 and 16 are 
illustrated schematically as coupled directly to the cir- 
cuit However, of course, in the actual device they would 
be coupled by means of removable electrical connec- 
tors inserted in the connector block 12, as illustrated in 
Rgure 1 . 

The pacemaker is divided generally into a micro- 
computer circuit 302 and a pacing circuit 320. A pulse 
generator circuit 340 includes a ventricular pulse gener- 
ator circuit coupled to the heart 10 by means of elec- 
trodes 29 and 28 on lead 14, as well as an atrial pulse 
generator circuit coupled to the heart 10 by means of 
atrial electrodes 20 and 21, located on lead 16. Simi- 
larly, pacing circuit 320 includes atrial and ventricular 
sense amplifiers in sense amplifier circuit 360, coupled 
to the atrium and ventricle by means of leads 14 and 16 
as well. The ventricular sense amplifier provides for 
separate detection and identification of QRS-wave sig- 
nals, in a known manner; it may also provide for detec- 
tion and identification of T-wave signals. The atrial 
sense amplifier provides for respective identification of 
P-waves and FFRS signals. The output circuit 340 and 
sense amplifier circuit 360 may contain pulse genera- 
tors and sense amplifiers corresponding to any of those 
presently employed in commercially marketed cardiac 
pacemakers. Control of timing and other functions 
within the pacemaker circuit is provided by digital con- 
troller/timer circuit 330, which includes a set of timers 
and associated logic. Digital controller/timer circuit 330 
defines the basic pacing interval of the device, which 
may take the form of an A-A escape interval initiated on 
atrial sensing or pacing and triggering atrial pacing at 
the expiration thereof, or may take the form of a V-V 
escape interval, initiated on ventricular sensing or pac- 
ing and triggering ventricular pulse pacing at the expira- 
tion thereof. Digital controller/timer circuit 330 similarly 
defines the A-V escape interval. AV esc , discussed in 
detail below. The specific values of the intervals defined 
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are controlled by the microcomputer circuit 302 by 
means of data and control bus 306. Sensed atrial depo- 
larizations and FFRSs are communicated to the digital 
controller/timer circuit 330 on A event line 352; and ven- 
tricular depolarizations (QRS-waves) are communi- 
cated to the digital controller/timer circuit 330 on V event 
line 354. In order to trigger generation of a ventricular 
pacing pulse, digital controller/timer circuit 330 gener- 
ates a trigger signal on V trig line 342. Similarly, in order 
to trigger an atrial pacing pulse, digital controller/timer 
circuit 330 generates a trigger pulse on a trig line 344. 

Digital controller/timer circuit 330 also defines time 
intervals for controlling operation of the sense amplifiers 
in sense amplifier circuit 360. Typically, digital control- 
ler/timer circuit 330 will define an atrial blanking interval 
following delivery of an atrial pacing pulse, during which 
atrial sensing is disabled, as well as ventricular blanking 
intervals following atrial and ventricular pacing pulse 
delivery, during which ventricular sensing is disabled. 
Digital controller/timer circuit 330 will also define an 
atrial refractory period during which atrial sensing is dis- 
abled, this refractory period extending from the begin- 
ning of the A-V escape interval following either a sensed 
or paced atrial depolarization, and extending until a pre- 
determined time following sensing of a ventricular depo- 
larization or delivery of a ventricular pacing pulse. 
Digital controller/timer circuit 330 similarly defines a 
ventricular refractory period following ventricular sens- 
ing or delivery of a ventricular pacing pulse, which is 
typically shorter than the portion of the atrial refractory 
period following ventricular sensing or pacing. Digital 
controller/timer circuit 330 also controls sensitivity set- 
tings and timing windows of the sense amplifiers 360 by 
means of sensitivity control 350. The timing windows 
are used, e.g., for separating out R-wave or FFRS-wave 
portions for use in the control algorithm of Fig. 6. 

In the embodiment illustrated in Figure 2, the pace- 
maker is provided with a piezo electric sensor 316 
which is intended to monitor patient activity, in order to 
allow provision of rate responsive pacing, such that the 
defined pacing rate (A-A escape interval or V-V escape 
interval) increases with increased demand for oxygen- 
ated blood. Sensor 316 generates electrical signals in 
response to sensed physical activity which are proc- 
essed by activity circuit 322 and provided to digital con- 
troller/timer circuit 330. Activity circuit 332 and 
associated sensor 316 may correspond to the circuitry 
disclosed in U.S. Patent No. 5,052,388. issued to Bet- 
zold et al., and US. Patent No. 4,428,378, issued to 
Anderson et al. Similarly, the present invention may be 
practiced in conjunction with alternative types of sen- 
sors such as oxygenation sensors, pressure sensors, 
pH sensors and respiration sensors, all well known for 
use in providing rate responsive pacing capabilities. 
Alternatively, QT time may be used as the rate indicat- 
ing parameter, in which case no extra sensor is 
required. Similarly, the present invention may also be 
practiced in non-rate responsive pacemakers. 



Transmission to and from the external programmer 
4 illustrated in Figure 2 is accomplished by means of 
antenna 334 and associated RF transmitter and 
receiver 322, which serves both to demodulate received 

5 downlink telemetry and to transmit uplink telemetry. 
Crystal oscillator circuit 338 provides the basic timing 
clock for the circuit, while battery 318 provides power. 
Power on reset circuit 336 responds to initial connection 
of the circuit to the battery for defining an initial operat- 

70 ing condition and similarly, resets the operative state of 
the device in response to detection of a low battery con- 
dition. Reference mode circuit 326 generates stable 
voltage reference and currents for the analog circuits 
within the pacing circuit 320, while analog to digital con- 

15 verier ADC and multiplexor circuit 328 digitizes analog 
signals and voltage to provide real time telemetry of car- 
diac signals from sense amplifiers 360, for uplink trans- 
mission via RF transmitter and receiver circuit 332. 
Voltage reference and bias circuit 326, ADC and murti- 

20 plexor 328, power on reset circuit 336 and crystal oscil- 
lator circuit 338 may correspond to any of those 
presently used in current marketed implantable cardiac 
pacemakers. 

Microcomputer circuit 302 controls the operational 

25 functions of digital controller/timer 330, specifying which 
timing intervals are employed, and controlling the dura- 
tion of the various timing intervals, via data and control 
bus 306. Microcomputer circuit 302 contains a micro- 
processor 304 and associated system clock 308 and on 

30 processor RAM circuits 310 and v 312, respectively. In 
addition, microcomputer circuit 302 includes a separate 
RAM/ROM chip 314. Microprocessor 304 is interrupt 
driven, operating in a reduced power consumption 
mode normally, and awakened in response to defined 

35 interrupt events, which may incl ude delivery of atrial and 
ventricular pacing pulses as well as sensed atrial and 
ventricular depolarizations. In addition, if the device 
operates as a rate responsive pacemaker, a timed inter- 
rupt, e.g., every cycle or every two seconds, may be 

ao provided in order to allow the microprocessor to analyze 
the sensor data and update the basic rate interval (A-A 
or V-V) of the device. In addition, in a preferred embod- 
iment of the invention, the microprocessor 304 may also 
serve to define variable A-V escape intervals and atrial 

45 and ventricular refractory periods which may also 
decrease in duration along with decreases in duration of 
the basic rate interval. Specifically, the microprocessor 
is used to carry out the routines illustrated in Figures 4 
and 6. 

so The illustrated circuitry of Figure 3 is merely exem- 
plary, and corresponds to the general functional organi- 
zation of most microprocessor controlled cardiac 
pacemakers presently commercially available. It is 
believed that the present invention is most readily prac- 

55 ticed in the context of such a device, and that the 
present invention can therefore readily be practiced 
using the basic hardware of existing microprocessor 
controlled dual chamber pacemakers, as presently 
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available, with the invention implemented primarily by 
means of modifications to the software stored in the 
ROM 312 of the microprocessor circuit 302. However, 
the present invention many also be usefully practiced by 
means of a full custom integrated circuit, or any combi- 
nation of hardware and software. 

Referring now to Figure 4, there is shown a gener- 
alized flow diagram of steps taken by a pacemaker sys- 
tem in accordance with this invention in performing 
synchronous pacing, with adjustment of AV GSC for opti- 
mal HOCM therapy. The steps of this flow diagram are 
suitably carried out by microcomputer circuit 302. This 
is a simplified flow diagram setting forth only steps per- 
tinent to controlling AV e8C , and does not include many 
other steps and responses that occur during each cycle 
of a typical dual chamber pacemaker. The illustrated 
logic of Figure 4 recognizes that the intrinsic AV conduc- 
tion time following an atrial pace pulse is greater than 
following a sensed atrial depolarization, by an amount 
described as "atrial sense offset", or ASO in referenced 
U.S. Patent No. 5,507,782. The AV QSC following an atrial 
pace is defined as PAV; the AV 0SC following an atrial 
pace is defined as PAV; the AV esc following an atrial 
sense is defined as SAV; and PAV = SAV + ASO . 

At block 401 , the routine of Fig. 4 is waiting for what 
is expected to be an atrial event. When an event occurs, 
the routine goes to block 402 and determines whether 
there has been timeout of the atrial escape interval, 
Aesc* If yes. th« indicates that an atrial pace (AP) should 
be delivered, and this is done at block 404. Following 
this, the routine sets AV 9SC to PAV, and initiates timeout 
of AV^. Returning to 402, if there has been no timeout 
of A^o the pacemaker proceeds to 408, and deter- 
mines whether there has been an early ventricular 
sense (VS). if yes, the routine branches to block 409 
and resets the timing appropriately, whereafter it returns 
to block 401 . However, as would normally be the case, if 
at 408 the event is not a VS, meaning that it has been an 
atrial sense (AS), the routine proceeds to block 410 and 
sets AVesc to the current value of SAV. Following this, 
the routine goes to 412 and initiates timeout of the atrial 
escape interval (A^), and timeout of the AV escape 
interval, AV esc (either SAV or PAV). Then, at 414, the 
pacer waits for the next event, normally a ventricular 
event. 

At 415, the pacemaker responds to an event by first 
determining whether the event was a timeout of AV 98C . If 
no, meaning that there was a ventricular sense, the 
pacemaker proceeds to block 417 and resets PAV and 
SAV to a shorter value which ensures capture by the 
next ventricular pace pulse. For example, each of these 
values can be decremented by 20 or 50 ms, to ensure 
that succeeding timeouts of AV^ occur early enough 
for complete capture. It is to be noted, however, that the 
algorithms discussed below are designed to avoid an 
occurrence of VS, such that the pacemaker should 
rarely take this path. 

If at 415 there has been a timeout of V esc , then the 



pacemaker proceeds to block 418 and delivers a V 
pace. Then, at block 419, the pacemaker determines 
whether it is programmed to go into the AV adjust rou- 
tine. If no, the routine is done and it exists back to 401. 

5 If yes, the pacemaker goes to the adjust AV routine at 
block 420. Here, the pacemaker analyzes collected 
data, e.g., VP-FFRS time; FFRS duration; or FFRS or 
QRS amplitude. With this data in hand, the pacemaker 
system can adjust the values of PAV and SAV, in 

w accordance with a predetermined algorithm for chang- 
ing AV esc so as to optimize resultant pre-excitation. Fol- 
lowing this, the routine returns to block 401 and waits for 
the next atrial event. 

Note that the pacemaker can be programmed for 

is automatically monitoring AV data and adjusting AV esc 
each pacemaker cycle, or these steps can be taken on 
some other periodic or user-programmed basis, within 
the scope of the invention as defined in the claims. For 
an implanted pacemaker which is set to automatically 

20 adjust AV, the pacemaker goes directly to 420. Similarly, 
for a pacemaker system in accordance with this inven- 
tion which is adapted to be programmed specifically by 
a physician, the routine exits unless the programming 
sequence has been activated. 

25 Referring now to Figure 5, there is shown a plot of 
data representative of QRS or FFRS duration (ms) as a 
function of pacemaker AV escape interval (ms). As is 
seen in Figure 5, the QRS duration is relatively low at 
higher AV intervals which are greater than the patient's 

30 intrinsic PR conduction time, i.e., where a VS occurs 
before timeout of AV esc . However, as AV 9SC is short- 
ened, it comes into a fusion area where QRS increases 
to a maximum value. At shorter intervals, where a VP 
results in full capture, QRS duration is substantially con- 

35 stant. at or near the maximum value. The knee portion 
between full capture and failure to capture is termed the 
fusion area, or range, and the ability to detect QRS 
duration changes in this area, provides the basis for one 
embodiment of this invention. As used herein, the term 

40 "fusion" embraces the entire knee range, including the 
lower portion of the range, referred to as "onset of 
fusion." 

Referring now to Figure 6, there is shown a flow dia- 
gram setting forth the primary steps which can be taken 

45 each cycle by the pacemaker system in accordance 
with this invention, for adjusting the AV interval so as to 
maintain that interval just short of fusion. Although the 
flow diagram shows steps for automatic adjustment on a 
cyclical basis, it is to be understood that the program 

so may be initiated by an external programmer or may be 
carried out only periodically by an implantable or exter- 
nal pacemaker. Depending upon the configuration 
employed, QRS or FFRS data is obtained either from 
ECG leads, or implanted leads 14 or 16. 

55 After a ventricular event, illustrated at 514, the 
pacemaker determines at 51 5 whether there has been a 
V sense. If yes, this indicates that the AV delay is too 
long, and the routine decrements AV by D1 at block 528. 
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The value of A1 may be in the range of 20-50 ms. After 
this, at 532 the pacemaker sets a VS flag, indicating that 
there was a V-sense in the last cycle, and then exits. If 
at 51 5 it is determined there has been no V-sense, such 
that the V event was a V pace, the algorithm proceeds 5 
to block 535. At this point, the pacemaker obtains the 
duration of the QRS or FFRS evoked by the pace pulse, 
designated W2. As set forth above, the duration or width 
of the QRS signal may be obtained from the V sense 
channel by suitable processing of the sensed QRS sig- w 
nal. Alternately, it can be obtained from the A sense 
channel, by a processing of the FFRS signal. For deter- 
mining width of the QRS or FFRS, the signal is suitably 
processed with standard circuitry in circuit 330 to deter- 
mine when it first rises to a predetermined level, and 15 
when it falls back below such level. Note that the actual 
signal may be a deviation from some existing baseline, 
not necessarily positive. In discussing the rise and fall of 
the signal, rt is understood that his refers to deviations 
from a noise-adjustment signal floor. These circuits may 20 
be supplemented or replaced by known digital process- 
ing techniques carried out with the aid of microproces- 
sor system 302. Following the duration measurement, 
the value of the just determined W2 is stored, at 536. 
The pacemaker then determines at 538 whether the VS 2 s 
flag is set. If yes, meaning that there was a VS in the 
prior cycle, the routine branches to 540 and resets the 
VS flag, and then jumps directly to 560 and sets W 1 
equal to the value of W for the prior cycle (i.e., 
W 1 = W 2 ). Note that there is no increment or decre- 30 
ment of AV at this point, since no value of W2 had been 
obtained during the prior cycle. 

Returning to block 538, if the VS flag is not set, the 
routine proceeds to block 542, and compares W 2 , the 
duration just determined, with the prior duration value, 35 
W v More specifically, the determination is made as to 
whether W 2 is equal to W 1 plus or minus x, where x is a 
variable to account for jitter and other measurement var- 
iations. If the signals are substantially equal, the routine 
branches to block 543 and determines whether a varia- 40 
ble N equals fixed value M. If no, N is incremented at 
block 544. However, if N = M , this means that the dura- 
tion value has been substantially constant for M cycles. 
The routine then branches to block 547 and sets N = 0, 
and then proceeds to block 554 and increments AV by 45 
A2, where A2 is suitably 2-10 ms. This step corresponds 
to the situation where the pacemaker AV escape inter- 
val is in the range of values less than the fusion range, 
and with a substantially constant duration. Under these 
circumstances, the invention acts to increment AV so 
escape interval to move it toward the knee of the curve. 

Returning to block 542, if the duration is found not 
to be substantially equal to the duration of the prior 
cycle, the routine goes to 550 and determines whether 
the most recent duration (Wg) is less than the prior dura- ss 
tion (W^. If yes, this means that the value of AV 0SC has 
moved away from the maximal point indicated in Figure 
5. The routine goes to 552 and determines whether the 



(+) flag has been set, which indicates that the last 
adjustment of AV interval was an increment. If yes. this 
means that the pacemaker is operating at an AV escape 
interval to the right of the peak as indicated in Figure 5. 
The routine branches to 553, and decrements AV 
escape interval by A3. A3 is suitably set to a value rela- 
tive to the fusion range so as to bring AV well back 
toward the maximal value, and even suitably to a value 
shorter than the fusion knee, e.g., 10-15 ms. After this, 
the (+) flag is reset at 555. and is set equal to W 2 at 
560. Returning to 552. if the (+) flag was not set, mean- 
ing that the last adjustment of AV esc was to decrement 
it, the routine branches to 557 and increments AV by A4. 
This corresponds to a pacemaker operation on the left 
side of the curve with respect to the maximal point. A4 is 
suitably a value less than A3, e.g. 2-5 ms, and is chosen 
to maintain operation near the peak or just to the short 
side of the peak value as seen in Fig. 5. Following this, 
since AV has just been incremented, the (+) flag is set 
at 558, and W 1 is set equal to W 2 at 560. 

Looking again at 550, if W 2 is not determined to be 
less than W 1t i.e., W 2 is greater than W 1( this means 
that pacemaker operation has proceeded toward the 
maximum point on the curve, from either direction. In 
this situation, no change in AV Q6C is desired, and 
accordingly the routine exits. Since A3 is greater than 
A4, the closed loop control continually drives AV^ to a 
value just less than that corresponding to maximum 
duration, or just at the edge of "onset of fusion." 

There has thus been disclosed a pacemaker sys- 
tem and method for automatic adjustment of AV escape 
interval for optimizing pre-excrtation by the delivered 
ventricular pace pulses. In a preferred embodiment of 
this invention, the pacemaker system continuously 
detects, on a cyclical basis, the duration of the evoked 
QRS signal, obtaining such signal either directly from a 
ventricular sense channel, or from FFRS signals 
derived from the atrial sense channel. The control algo- 
rithm continuously compares the duration data for suc- 
cessive cycles, and adjusts the AV escape interval as a 
function of the compared durations as well as a function 
of the direction of the last adjustment of AV escape 
interval. Although the preferred embodiment has illus- 
trated automatic adjustment on a cyclical basis, it is to 
be understood that it is with in the scope of the invention 
as defined in the claims to adjust on a non-cyclical 
basis, e.g., by collecting data over a predetermined 
number of cycles, and adjusting based on comparisons 
of collected durations. Thus, for example, duration can 
be obtained as an average of the individual durations 
over n cycles, and the comparisons made every such n 
cycles. 

Claims 

1. A dual chamber pacemaker system, having atrial 
sense means (20,21) for sensing signals from a 
patient's atrium, ventricular sense means for sens- 
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ing ventricular signals from a patient, ventricular 
pace means (28,29) for generating and delivering 
ventricular pace pulses to said patient's right ventri- 
cle, AV esc means (330) for setting and timing out an 
AV escape interval from the occurrence of the 
sensed atrial depolarization, sync control means 
(330) for controlling delivery of a ventricular pace 
pulse at the time out of a said AV escape interval in 
the absence of a sensed ventricular signal, and 
controllable adjust means (304) for adjusting said 
AV e6C means to vary said AV escape interval in a 
controlled direction, said system characterized by: 

wave means (330) for obtaining and storing 
representations of durations of QRS waves that 
have been evoked by delivered ventricular 
pace pulses, 

storage means for storing a representation of 
said AV adjustment direction, 
change means for detecting a change of suc- 
cessive such durations of QRS representa- 
tions, and 

control means for controlling said adjust means 
as a function of said detected change and said 
stored direction. 

2. The pacemaker system as described in claim 1, 
wherein said obtaining means comprises means for 
cyclically obtaining a representation of the duration 
of the QRS wave, and said change means has 
means for comparing each QRS representation 
with the QRS representation of the prior cycle. 

3. The pacemaker system as described in claims 1 or 
2, wherein said change means comprises means 
for determining when said representation changes 
from the prior representation by more than a prede- 
termined amount. 

4. The pacemaker system as described in any of 
claims 1-3 wherein said control means has means 
for controlling said adjust means to decrement AV 
escape interval by a first amount when said stored 
direction is to shorten AV escape interval, and by a 
second amount when said stored direction is to 
increment AV escape interval. 

5. The pacemaker system as described in claim 4, 
wherein said first amount is greater than said sec- 
ond amount 

6. The pacemaker system as described in any of 
claims 1-5, wherein said representation is QRS 
duration, the variation of QRS duration with AV 
escape interval having a range of variation def ining 
a fusion range, and wherein said control means 
controls said adjust means to adjust said AV 
escape interval toward maintaining AV escape 



interval at a value within the lower portion of said 
fusion range. 

7. The pacemaker system as described in any of 
5 claims 1-6, further comprising means for detecting 

when there has been no substantial change of said 
representation from one cycle to the next, and 
wherein said control means generally maintains 
said AV escape interval constant when there has 
w been no substantial change. 

8. The pacemaker system as described in claim 7, fur- 
ther comprising determining means for determining 
when there has been no substantial change in said 

15 QRS representation over a predetermined plurality 
of pacemaker cycles, and second change means 
for incrementing said AV escape interval in 
response to a said determination. 

20 9. The pacemaker system as described in any of 
claims 1-8, comprising FFRS means for detecting 
FFRS signals, and wherein said wave means com- 
prises means for obtaining said QRS representa- 
tions from said detected FFRS signals. 

25 

10. The pacemaker system as described in claims 1-8 
further characterized in that said means for obtain- 
ing and storing representations of durations of the 
QRS signal is operated by sensing from either said 

30 atrial sense means or said ventricular sense 
means, 

11. The pacemaker system as described in claims 1 or 
2 further characterized by: 

35 

first determining means for continually deter- 
mining whenever said duration representation 
is shorter than a prior duration representation, 
and wherein said control means for controlling 
4o said adjustment decrements said AV escape 

interval by a first amount in response to a 
determination by said first determining means; 
and 

second determining means for determining 
45 when said duration measure has been sub- 

stantially constant for a predetermined time 
and wherein said control means further com- 
prises increment means for incrementing said 
AV escape interval by a second amount in 
so response a said substantially constant determi- 

nation. 

12. The pacemaker as described in claim 11, wherein 
said first determining means is operative each 

55 pacemaker cycle. 

13. The pacemaker as described in claim 11 or 12, 
wherein said second determining means has peri- 
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odic means for making said determination periodi- 
cally. 

14. The pacemaker as described in claim 13, wherein 
said periodic means makes said determination 
every n cycles. 

PatentansprOche 

1. Zweikammer-Schrittmachersystem mit einer atriel- 
len Wahrnehmeinrichtung (20, 21) zum Wahrneh- 
men von Signalen aus dem Atrium eines Patienten, 
einer ventrikularen Wahrnehmeinrichtung zum 
Wahrnehmen von ventrikularen Signalen, von dem 
Patient, einer Verrtrikular-Stimuliereinrichtung (28, 
29) zur Erzeugung und Abgabe von ventrikularen 
Stimulierimpulsen an den rechten Ventrikel des 
Patienten, einer AV e8C -Einrichtung (330) zum Ein- 
stellen und Durchlaufen eines AV-Escapeintervalls 
ab dem Auftreten der wahrgenommenen atriellen 
Depolarisation, einer Synchronsteuereinrichtung 
(330) zur Steuerung der Abgabe eines ventrikula- 
ren Stimulierimpulses am Ende des AV-Escapein- 
tervalls bei FehJen eines wahrgenommenen 
Ventrikularsignals, und einer steuerbaren Justier- 
einrichtung (304) zum Justieren der AVegc-Einrich- 
tung, urn das AV-Escapeintervall in gesteuerter 
Richtung zu andern, gekennzeichnet durch 

eine Welleneinrichtung (330) zum Erfassen 
und Speichern von Angaben der Dauer von 
durch abgegebene Ventrikular-Stimuiierim- 
pulse hervorgerufenen QRS-Wellen, 
eine Speichereinrichtung zum Speichern einer 
Angabe der Richtung der AV-Justierung, 
eine Anderungseinrichtung zum Feststellen 
einer Anderung aufeinanderfolgender Dauern 
von QRS-Angaben, und 
eine Steuereinrichtung zum Steuern der 
Justiereinrichtung als Funklion der erfaaten 
Anderung und der gespeicherten Richtung. 

2. Schrrttmachersystem nach Anspruch 1 , wobei die 
Erfassungseinrichtung eine Einrichtung zum zykli- 
schen Erfassen einer Angabe der Dauer der QRS- 
Welle und die Anderungseinrichtung eine Einrich- 
tung zum Vergleichen der jeweiligen QRS-Angabe 
mit derjenigen des vorhergehenden ZyWus auf- 
weist 

3. Schrittmachersystem nach Anspruch 1 oder 2, 
wobei die Anderungseinrichtung eine Einrichtung 
aufweist, die bestimmt, wenn sich die genannte 
Angabe gegenuber der vorherigen urn mehr als 
einen vorgegebenen Betrag andert. 

4. Schrittmachersystem nach einem der Anspruche 1 
bis 3, wobei die Steuereinrichtung eine Einrichtung 



zum Steuern der Justiereinrichtung zum Verringern 
des AV-Escapeintervalls urn einen ersten Betrag, 
wenn die gespeicherte Richtung eine Verkurzung 
des AV-Escapeintervalls angibt, und urn einen 
5 zweiten Betrag aufweist, wenn die gespeicherte 
Richtung eine Verlangerung des AV-Escapeinter- 
valls angibt. 

5. Schrittmachersystem nach Anspruch 4, wobei der 
w erste Betrag groBer ist als der zweite. 

6. Schrittmachersystem nach einem der Anspruche 1 
bis 5, wobei die Angabe die QRS-Dauer ist. wobei 
die Anderung der QRS-Dauer mit AV-Escapeinter- 

15 val einen Variationsbereich aufweist, der einen 
Fusionsbereich definiert, und wobei die Steuerein- 
richtung die Justiereinrichtung so steuert, daft sie 
das AV-Escapeintervall in der Richtung justiert, in 
der es einen Wert innerhalb des unteren Teils des 

20 Fusionsbereichs annimmt. 

7. Schrittmachersystem nach einem der Anspruche 1 
bis 6 mit einer Einrichtung zur Feststellung, wann 
keine wesentliche Anderung der Darstellung von 

25 einem ZyWus zum nachsten aufgetreten ist, wobei 
die Steuereinrichtung dann, wenn keine wesentli- 
che Anderung aufgetreten ist, das AV-Escapeinter- 
vall generell konstant halt. 

30 8. Schrittmachersystem nach Anspruch 7 mrt einer 
Feststellungseinrichtung zur Feststellung, wann in 
der QRS-Angabe uber eine vorbestimmte Mehrzahl 
von Schrittmacherzyklen keine wesentiiche Ande- 
rung aufgetreten ist, und einer zweiten Anderungs- 

35 einrichtung, die bei dieser Feststellung das AV- 
Escapeintervall erhdht. 

9. Schrittmachersystem nach einem der Anspruche 1 
bis 8 mit einer FFRS-Einrichtung zum Feststellen 

40 von FFRS-Signalen, wobei die Welleneinrichtung 
eine Einrichtung zum Erfassen der QRS-Angaben 
aus den erfaBten FFRS-Signalen aufweist 

10. Schrittmachersystem nach einem der Anspruche 1 
45 bis 8, dadurch gekennzeichnet, daft die Einrichtung 

zum Erfassen und Speichern von Angaben der 
Dauer des QRS-Signals durch Wahrnehmung ent- 
weder mit der atriellen Oder der ventrikularen Wahr- 
nehmeinrichtung arbeitet. 

so 

11. Schrittmachersystem nach Anspruch 1 Oder 2, 
gekennzeichnet durch 

eine erste Feststellungseinrichtung zur konti- 
55 nuierlichen Feststellung, wenn die Dauer- 

Angabe kurzer ist als eine vorherige Dauer- 
Angabe, wobei die Steuereinrichtung zum 
Steuern der Justierung bei einer Feststellung 
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durch die erste Feststellungseinrichtung das 
AV-Escapeintervall um einen ersten Betrag 
verringert. und 

eine zweite Feststellungseinrichtung zur Fest- 
stellung, wenn die Dauer uber eine vorgege- 5 
bene Zeit im wesentlichen konstant war, wobei 
die Steuereinrichtung eine Inkrementiereinrich- 
tung aufweist, die bei Feststellung einer im 
wesentlichen konstanten Dauer das AV-Esca- 
peintervall um einen zweiten Betrag erhOht. io 

12. Schrittmacher nach Anspruch 11, wobei die erste 
Feststellungseinrichtung in jedem Schrittmacherzy- 
Wus arbeitet. 

15 

13. Schrittmacher nach Anspruch 11 Oder 12, wobei 
die zweite Feststellungseinrichtung eine periodi- 
sche Einrichtung zur periodischen Durchfuhrung 
einer Feststellung aufweist. 

20 

14. Schrittmacher nach Anspruch 13, wobei die peri- 
odische Einrichtung die Feststellung alle n ZyWen 
durchfuhrt. 

Revendications 25 

1 . Systeme de stimulateur double chambre, dote d'un 
moyen de detection auriculaire (20, 21) pour d6tec- 
ter les signaux en provenance de I'oreillette d'un 
patient, d'un moyen de detection ventriculaire pour 30 
detecter les signaux ventriculaires en provenance 
d'un patient, d'un moyen de stimulation ventricu- 
laire (28, 29) pour produire et deiivrer des impul- 
sions de stimulation ventriculaire au ventricule droit 
dudit patient d'un moyen AV GSC (330) pour etablir et 35 
temporiser un intervalle d'echappement AV k partir 
de I'apparition de la depolarisation auriculaire 
detectee, un moyen de commande de la synchroni- 
sation (330) pour commander la deiivrance d'une 
impulsion de stimulation ventriculaire au moment 40 
de la pause dudit intervalle d'echappement AV en 
I'absence d'un signal ventriculaire detecte, et un 
moyen de reglage commandabie (304) pour r6gler 
fedh moyen AV 9SC afin de modifier ledit intervalle 
d'echappement AV suivant un sens commands, as 
ledit systeme 6tant caracterise par : 

un moyen d'ondes (330) pour obtenir et stocker 
des representations des dur§es des ondes 
QRS qui ont 6t6 suscitees par la deiivrance so 
d'impulsions de stimulation ventriculaires, 
un moyen de stockage pour stocker une repre- 
sentation dudit sens de reglage AV, 
un moyen de modification pour detecter une 
modification des dur6es successives des ss 
representations QRS, et 
un moyen de commande pour commander ledit 
moyen de reglage en fonction de ladite modifi- 



cation detectee et dudit sens stocks. 

2. Systeme de stimulateur selon la revendication 1, 
caracterise en ce que ledit moyen d'obtention com- 
prend un moyen pour obtenir cycliquement une 
representation de la duree de I'onde QRS, et ledit 
moyen de modification est dote d'un moyen pour 
comparer chaque representation QRS avec !a 
representation QRS du cycle precedent. 

3. Systeme de stimulateur selon la revendication 1 ou 
2, caracteris6 en ce que le moyen de modification 
comprend un moyen pour determiner quand ladite 
representation varie par rapport k la representation 
prec6dente de plus d'une quantite pr6d6terminee. 

4. Systeme de stimulateur selon Tune quelconque des 
revendications 1 k 3, caract6ris6 en ce que ledit 
moyen de commande est dote d'un moyen pour 
commander ledit moyen de reglage afin de decre- 
menter I'intervalle d'echappement AV d'une pre- 
miere quantite quand ledit sens stock6 doit 
raccourcir I'intervalle d'echappement AV, et d'une 
deuxieme quantite quand ledit sens stocks doit 
incr6menter I'intervalle d'echappement AV. 

5. Systeme de stimulateur selon la revendication 4, 
caracterise en ce que ladite premiere quantite est 
plus grande que ladite deuxieme quantite. 

6. Systeme de stimulateur selon Tune quelconque des 
revendications 1 k 5, caracterise en ce que ladite 
representation est la duree QRS, la variation de la 
duree QRS par rapport k I'intervalle d'echappement 
AV possedant une plage de variation definissant 
une plage de fusion, et caracterise en ce que ledit 
moyen de commande agit sur ledit moyen de 
reglage afin de rSgler ledit intervalle d'echappe- 
ment AV pour maintenir I'intervalle d'echappement 
AV k une valeur comprise dans la partie interieure 
de ladite plage de fusion. 

7. Systeme de stimulateur selon Tune quelconque des 
revendications 1 k 6, caracterise en ce qull com- 
prend en outre un moyen pour detecter quand il n'y 
a pas eu de modification importante de ladite repre- 
sentation entre un premier cycle et le suivant et en 
ce que ledit moyen de commande maintient en 
general ledit intervalle d'echappement AV constant 
quand il n'y a pas eu de modification importante. 

8. Systeme de stimulateur selon la revendication 7, 
caract6ris6 en ce qu'il comprend en outre un moyen 
de determination pour determiner quand il n'y a pas 
eu de modification importante dans ladite represen- 
tation QRS sur une plural'ite predetermin6e de 
cycles de stimulateur, et un deuxieme moyen de 
modification pour incrementer ledit intervalle 
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d'echappement AV en reponse k une dite determi- 
nation. 

9. Syst&me de stimulateur selon Tune quelconque des 
revendications 1 k 8. caracterise en ce qu'il com- 5 
prend un moyen FFRS pour detecter les signaux 
FFRS, et dans lequel ledit moyen d'onde comprend 

un moyen pour obtenir lesdites representations 
QRS k partir desdits signaux FFRS detectes. 

10 

1 0. Systeme de stimulateur selon Tune quelconque des 
revendications 1 k 8, caract6ris6 en ce que ledit 
moyen pour obtenir et stacker les representations 
des dur6es du signal QRS est active par la detec- 
tion sort dudit moyen de detection auriculaire soit 15 
dud'rt moyen de detection ventriculaire. 

11. Systeme de stimulateur selon la revendicatlon 1 ou 
2, caracterise par : 

20 

un premier moyen de determination pour deter- 
miner en continu chaque fois que ladite repre- 
sentation de duree est plus courte qu'une 
representation de dur6e prec6derrte, et dans 
lequei ledit moyen de commande pour com- 25 
mander ledit r6glage decremente ledit inter- 
vals d'echappement AV d'une premiere 
quantrte en reponse k une determination dud'rt 
premier moyen de determination; et 
un deuxieme moyen de determination pour 30 
determiner quand ladite mesure de dur6e a et6 
k peu pres constante pendant un temps prede- 
termine et dans lequel ledit moyen de com- 
mande comprend en outre un moyen 
decrementation pour incr6menter ledit inter- 35 
valle d'echappement AV d'une deuxieme quan- 
tit6 en reponse k une dite determination 
pratiquement constante. 

12. Stimulateur selon la revendication 11, caract6ris6 40 
en ce que ledit premier moyen de determination est 
utilisable k chaque cycle de stimulateur. 

13. Stimulateur selon la revendication 11 ou 12, carac- 
terise en ce que ledit deuxieme moyen de determi- 45 
nation possede un moyen p6riodique pour realiser 
periodiquement ladite determination. 

14. Stimulateur selon la revendication 13, caracterise 

en ce que ledit moyen periodique realise ladite so 
determination tous les n cycles. 
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